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Description 

for an automobile, a film or a fiber. omnlm/ pH the aromatic polyester of the present invention can 

K a ' S °n =SU . the fie.ds of r^ngs -J^^™ 

parts, a^oblle parts, or films orfiber, ..the demand for ^^^^-nrt In 

heat resistance and chemical resistance has increased. As a fester saflsrying ter ephthalate and p- 

crystal polyester, for example a coporyester showmg " vol U p. 2043 (1976) and Japanese 

acetoxybenzoic acid ("Journal of Polymer Scence Polymer W ^SJLpo^ster obtained from polyethyl- 



206017/1987, JP-A-39623/1 987 and JP-A-48722/1987. res istance, or, in case of having sol- 



[0008] 

45 a . ^ C 
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ss perature of as high as 335 °C. A polyester comprising 
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has a higher melting point (500 °C or higher), so that production by the conventional apparatus for producing a polyester 
10 is impossible. 

[0009] Also, according to the description of Macromolecules, 1 6, 1 027 (1 983), a polyester comprising 



15 



20 





and 



25 



30 



35 



has been described in detail, but the melting point thereof are as high as 320-C or higher in any composition , ratio of 
these four components. Thus, they cannot be prepared in the conventional polymerizing apparatus wh.ch has been 
used at 320"C or lower. 

[0010] In the above document, the melting point has been lowered by using 



in place of 



40 



45 




but in this case, while the melting point has remarkably been lowered, the polymer becomes amorphous so that solder- 
so ing resistance at 260°C is lost. 

[001 1 ] There are many reports of a polyester comprising 



55 
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but it is clear that it cannot be prepared in the conventional and usually used polyester-producing apparatus. 
10 [0012] EP-A-226839 describes wholly aromatic polyesters which form a liquid-crystalline fiber-forming melt below 
330°C and are composed of the following units: 



15 



20 



CH 8 CH 9 





25 



30 



35 



[001 3] The present Inventors have sought to provide an aromatic polyester which has a high modulus of elasticity, 
high strength low water absorption, excellent heat resistance, particularly soldering resistance ( 240 °C or 260 °C, 1 0 
s or more ) and yet also has excellent fluidity and good moldability, and which is suitable for engineering plastics, and 
to provide a process for producing it using the conventional and usual polyester-producing apparatus (for example, a 
vertical type polymerization reactor used in the bulk method at a temperature of 320 °C or less) with good efficiency. As 
a result they have found an aromatic polyester which satisfies the above requirements. 

[001 4] The present invention provides an aromatic polyester having a melt viscosity of 1 0 poise (1 Pas) or more at 
320°C and a shear rate of 100 s* 1 , which polyester consists of: 



(a) 2 to 40 mole % of 2,6-naphthalenedicarboxylic acid units of formula (1): 



40 



45 




(1) 



50 



(b) 2 to 35 mole % of terephthalic acid units of formula (2): 
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10 

(c) 3 to 40 mole % of 4,4'-dihydroxydiphenyl units of formula (3): 
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(d) 2 to 
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(e) 20 to 80 mole % of p-hydroxybenzoic acid units of formula (9): 



(9) 



and (f) less than 3 mole % of other components; 

wherein when the molar numbers of the above units (1), (2), (3), (4), (5), (6), (7), (8) and (9) are represented by [1], 
[2], [3], [4], [5], [6], [7]. [8] and [9], respectively, (hereinafter represented by [A]), each mole % is a value based on 
[1 ]'+ [2] + [3] + [4]'+ [5] + [6] + [7] + [8] + [9]. 

Fiqs 1 3 and 4 are IR charts of the polymers respectively obtained in Examples 1 , 2 and 3. 
Fig. 2, Is a Vibron chart of the polymer obtained in Example 1 . The curves 1 -3 in Fig. 2 depict the dynamic modulus 
20 (E'), loss modulus (E") and tan 8 defined as E7E\ respectively. 

[0015] The present invention also provides a process for producing a polyester as defined above, which comprises 
reacting, in the presence of an acid anhydride: 

25 (g) 2 to 40 mole % of 2,6-naphthalenedicarboxylic acid of formula (1 0): 




(h) 2 to 35 mole % of terephthalic acid of formula (11): 



45 



HOC 

o 




OH 



(11) 



so (i) 3 to 40 mole % of 4,4'-dihydroxydiphenyl of formula (12); 
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(J) 2 to 40 mole % of at least one member selected from the aromatic diol compounds of formulae (13) to (17): 
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and 

45 (k) 20 to 80 mole % of p-hydroxybenzoic acid of formula (1 8): 




(18) 



55 and (I) less than 3 mol% of other components; 

wherein when molar numbers of the above compounds (1 0), (1 1), (1 2), (13), (14), (15), (1 6), (1 7) and (1 8) are rep- 
resented by [10], [1 1], [12], [13], [14], [15], [16], [17] and [18], respectively, each mole % is a value based on [10] + 
[1 1 ] + [1 2] + [1 3] + [1 4] + [1 5] + [1 6] + [1 7] + [1 8] (hereafter represented by [B]), 
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and further reacting the components at a temperature of 1 00 to 400 *C while removing the excess acid anhydrides and 
acids formed therefrom. 

[0016] The content of the 2,6-naphthelenedicarboxylic add units of formula (1 ) is 2 to 40 mote %, preferably to 35 
mole % more preferably 3 to 30 mole %. particularly preferably 3 to 1 5 mole % based on [A]. When the 2 6-naph ha- 
Z dicaSic act Tunis are present in an amount of 2 to 40 mole %, not onty is the liquid crystallinity of the resulting 
USSSSS nigher, but a'lso the polyester can be prepared in a conventional polye ^^^Tta 
320 °C or less). The conventional polyester-producing apparatus may include, for example, those as descnbed in Sen- 
i Binran " (Genryo-hen) p. 808, Fig. 7.1 1 . Also, "can be prepared" means that the polymer maintains fluidity in a polym- 
Son e^oTwSut^dificaL so that ft can be drawn out from the potymenzation reactor. Fur* = due , to 
a hiah dearee of liquid crystallinity. improvements in the modulus of elasticity and moldability can be obtained. If the 
coStXe26-5i 
solidifies durina Dolvmerization and becomes hard to draw out from the reactor. 

SET tTc? tent o TL terephthalic acid units of formula (2) is 2 to 35 mole %, preferably 5 to 30 mole %, more 
pre embly tTo 25 l.e % based on [A]. If component (2) exists in an amount of 40 mo.e % or less, not only can a much 
n!g eTdegree of liquid crystallinity be obtained, but also the potymer can easily be prepared in a ™"^P4^ 
producing apparatus (at 320 -0 or less). Here, "can be prepared in a conventional apparatus" has the 
as above If ft exceeds ;40 mole %, the produced polymer solidifies during polymerization and becomes ham to draw out 

Kfl ' ""erelative proportion of (2) and (1) ([2*1]) is preferably 0 S Ml] «* J -3f.PWl * ™ P^SK 
preferred. From a standpoint of obtaining a higher modulus of elasticity, ft is preferred that [2] is about the sar™ , as [1 
or largerthan [1]. If [2]/[1] exceeds 10, the flow initiating temperature becomes high and ,t becomes difficult to draw out 
the polymer from the reaction, so that it is not preferred. 

r001 91 The content of 4,4'-dihydroxydiphenyl units of formula (3) is 3 to 40 mole %, preferably 4 to 30 mo e A, more 
reemblyStoS 

Sot oSv provide a higher degree of liquid crystallinity but also make it easier to prepare the aromatic polyester a con- 
appals (aTLo -C or less), if It is less than 3 mole % or exceeds 40 mole %, the pro- 
duced polymer solidifies during polymerization and becomes hard to draw out from the reactor. ui ot on 
m "he ota, content oHhe aromatic did units of formuiae (4) to (8) is 2 to 40 mole %, P"*"***^ 
% based on [A]. When the content is 2 to 40 mole %, the units not only provide a higher degree U 
l": 8ka it l 'j er t0 Drepare the aromatic polyester in a conventional polyester-producing apparatus (at 320 C or 
S Iftis .ZiZ 2 moTei or exceeds^ mole %, the produced polymer soiidfties during potymerization and 

Kquinone unLf formula (5) ana present, the content of the hydroquinone unfts and/or methylhydroquinone unrts ,s 

s bly — ^ffirssa^-^B^ 

^rSSJ^CS of formula (6) and/or the resorcin unfts of formula (7) is/are present, 
!ne contend! fthe Sethylhy'droquin'one units and/or resorcin unfts is preferably 2 to 25 moie %. more preferably 2 to 

„ 'PT^^ZS^ of the unfts of formula (8) and the units of formula (3) ([ 8]/[3]) is preferably in the 

55? ° Of Te£^c dtofunfts of formuiae (4) to (8). unfts of formula (4) and/or formula (5) are particularly 
preferred, and the next preferred are units of formula (8). n _ , M , 

?00281 It is preferred to set the contents of the unfts of formulae (1) to (8) so as to satisfy the relation OBS (M + 
™ 21W31 + f4 + T51 + T61 + [7] + [81) < 1 .2. Outside this range the degree of polymerization becomes msuffic ent. More 
g2i« >l m S/tt3] I Si * [51 ♦ [61 ♦ [7] ♦ [8]) .1.1, and particularly preferably 0.95 , ([1] ♦ [W ♦ [4] * 

mm + ^VSnintd the p-hydroxybenzoic acid unfts of formula (9) is 20 to 80 mole %, preferabty 25 to 75 mole 
% more Dreferablv 30 to 70 mole %, particularly preferably 40 to 70 mole % based on [A]. 
55 XT wh-L 

make t easier to prepare the aromatic polyester in a conventional polyester-producing apparatus (at 320 -C or less). If 
ft t less than 20 mole % or exceeds SO mole %, the produced polymer solidifies during polymerization and becomes 
hard to draw out from the reaction tank. 
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[0031] It is preferred that 0.1 < ([1] + [2})/[9] < 9, more preferably 0.2 < ([1] + [2M9] < 4, particularly preferabfy 1 < 
([1] + [2])/[9]<;4. .... 
[0032] If the relative proportion of ([1] + [2])/[9) is less than 0.1 or exceeds 9, the flow initiating temperature 
becomes high and it becomes difficult to draw out the polymer from a reactor, so that it is not preferred. 
[0033] In the present invention, components other than the above may be added in a small content (about 3 mole 

% or less based on [A]). . 

[0034] The aromatic polyester of the present invention shows optical an.sotropy (liquid crystallinity) in a melting 
state whereby it has excellent moldability. a high modulus of elasticity, high strength and good heat resistance. This is 
because it contains the above units in specified proportions. Also, there is a great merit that even when a conventional 
polyester-producing apparatus (for example, a vertical type polyethylene terephthalate producing apparatus) is used, 
the polymer can be drawn from the bottom of the reactor (hereinafter referred to drawn property). The flow init.at.ng tarn- 
Derature is low due to the combination of the above units in specific proportions. 

ra035] By using the components of formulae (1), (3), at least one of (4) to (8) and (9), it could not have been 
expected in advance that the heat resistance would be improved, thus providing soldering resistance, the effect of not 
increasing the flow initiating temperature so high and making a flowable state generally at a temperature of 320 C or 
lower and the effect of rather lowering the melt viscosity thus improving moldability (fluidity). 

[0036] It is clear from the facts shown below that the aromatic polyester of the present invention has excellent heat 
resistance For example, when the absolute values of complex elastic moduli (E*) measured by a V.bron (1 1 0 Hz) at 40 
•C and 150 °C are defined as lE'Uo and IE*I 150 . respectively, these values are as follows. 

IE*I 150 /IE*I 4061/3 

|E*I 150 a4.0 X 10 10 dyne/cm 2 (4.0 GPa) 

25 IE*l 40 a8.0 X 10 10 dyne/cm 2 (8.0 GPa) 

In the above, the complex elastic modulus (E*) is represented by the following expression: 

E* = E' + iE" 
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wherein E' is the dynamic modulus and E" is the loss modulus, and the absolute value of complex elastic modulus is 
represented by the following expression: 

IE*I= ,/E' 2 + E" 2 

[0037] When the composition ratio of the polymer is suitably selected it is possible to obtain an aromatic polyester 
having the following values. 

IE*I 15( /IE*I4o b1/2 
IE*I 150 b6.0X 10 10 dyne/cm 2 (6.0 GPa) 
IE*I 40*1 2.0 X 10 10 dyne/cm 2 (12.0 Gpa) 
45 [0038] The absolute value of the complex elastic modulus measured at 240°C Is 

IE*I a 2.0 X 10 10 dyne/cm 2 (2.0 GPa) 

and this shows the extremely high heat resistance of the polymers of the present invention. Thus, the aromatic polyester 
en has solderina resistance at a temperature of as high as 240°C. 

00391 » ^composition ratio of the polymer is suitabry seiected it is possible to obtain a poller having an 
extremely high heat resistance in which the absolute value of the complex elastic modulus measured at 260 C is 

IE*I gee a 2.0 X 1 0 10 dyne/cm 2 (2.0 GPa) 



55 



Thus the aromatic polyester has soldering resistance even at a temperature of as high as 260°C. 
00401 The aromatic polyester of the present invention has a high modulus of elasticity as mentioned above, at 240 
°C, and further at 260 °C when the composition unit proportions of the polymer are suitably selected, and has a great 
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advantage that it can be prepared by the me,t po^merization method at 320°C with the conventional poiyester-produc- 
raMrr' 8 Also It has a low melt viscosity as a rheological characteristic and thus has good moldability. 

SMS 

Snterfacia. polymerization method, the hydroxy, group J£» £££ an b produced 

25 S^TSSSK used, for examp-e. BuSnOOH. Bu 2 SnO, Tl(0,Pr) 4 , Zn(OAc) 2 , Sn(OAc) 2 , 
Sb 2 0 3 , Co(OAc) 2 or KOAc. A catalyst need not be , used as an _ 

for the aromatic polyester to satisfy the relation 

[Anh] <2 o 

35 °- 8 ^ 2 x {[1 2]+[1 3]+[1 4]+[1 5Rl 6j+[l 7]M1 OJ 



to 



75 



20 



preferably 
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[Anh] <i 5 

2 X {[1 2]+[1 3]+[1 4]+[1 5]+[1 6]+l1 /JW *J 
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of the other polymer and those of the aromatic polyester of the present invention. 
[00541 The present invention will now be explained in more detail in the following Examples, 
0055] For measuring the melt viscosity in the Examples, a flow tester (produced by Shimazu Seisakusho K.K.) was 
used under the conditions of a temperature of 320 °C, a shear rate tf ) of 1 00 s 1 and a length/diameter of a cylinder 

Em " 1 A s an infrared spectrophotometer, 20DXBFT-IR produced by Nicolet Co. was used, and the IR spectrum was 
measured with a solution in hexafluoroisopropanol or with a KBr disc. 

[0057] Molding was carried out by using a 0.1 oz (2.8 g) injection molding machine produced by Nippon Seiko K.K. 

to prepare a molded piece. . 
[0058] As the Vibron, a Rheovibron produced by Toyo Boldwin Co. was used and the above molded piece was 

measured under 110 Hz. ... - „, 5 *k 

[0059] Optical anisotropy (liquid crystal linity) was observed by using a polarized optical microscope attached with 

a hot stage. 

[0060] The flow initiating temperature was judged from the data of the Vibron. 
[0061 ] Water absorption was measured according to ASTM-D-570. 

[0062] Evaluation of soldering resistance was carried out by dipping a sample in a soldering bath at a temperature 
of 240 °C or 260 °C for 1 0 seconds in accordance with condition B in Table 1 of JIS C5034. 



20 



Example 1 

[0063] In a reaction 
ing starting materials. 



vessel equipped with a stirrer, an outlet for evacuation and a N 2 inlet, were charged the follow- 



25 



30 



(1) 4,4'-dihydroxydiphenyl 


16.89 g (0.091 


mole) 


(2) hydroquinone 


9.99 c 


3 (0.091 


mole) 


(3) terephthalic acid 


15.07 c 


3 (0.091 


mole) 


(4) 2,6-naphthalenedicarboxylic acid 


19.61 < 


3 (0.091 


mole) 


(5) p-hydroxybenzoic acid 


58.45 g (0.423 


mole) 



35 [0064] After replacing the atmosphere nitrogen under reduced pressure, an N 2 seal was made, and then 88.26 g 
0 86 mole) of acetic anhydride was added. Under stirring, the reaction vessel was dipped in an oil bath at a tempera- 
ture of 145 °C to conduct the reaction for one hour, and then the temperature was raised to 320 °C over 1 .5 hours. 
ro0651 Then, the pressure was reduced from normal pressure to 10 mmHg (1 .3 KPa) over 45 minutes, and further 
reduced to 0.3 mmHg (40 Pa) over 15 minutes. Thereafter, the reaction was continued for one hour to complete the 

40 polymerization reaction. . T . 

[0066] This polymer flowed under gravity and was able to be drawn out from the bottom of the reaction vessel. The 
melt viscosity (320 °C, 1 00 s' 1 ) of the polymer thus obtained was 320 poise (32 Pas) 

[0067] This polymer was molded with a 0.1 oz (2.8 g) injection molding machine at 320 °C and the molded pieces 
were measured by the Vibron. The following results were obtained. 



45 



IE*l 40 = 10.5x10 10 dyne/cm (10.5 GPa) 
IE*I 150 = 4.6 x 10 10 dyne/cm 2 ( 4.6 GPa) 
so IE*I 260 = 3.9 x 1 0 10 dyne/cm 2 ( 3.9 Gpa) 

[0068] Tensile tests were carried out to obtain the following results. 



Tensile modulus 


61,700 kg/cnrf 


Tensile strength 


1 ,270 kg/cm 2 
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(continued) 



Elongation at break 



3.1 % 



5 [0069] Also, by using the same molded pieces, the soldering resistance (260 -C, 10 seconds) was measured but 
sitional ratio of this polymer was (1)/(2)/(3)/(4)/(5) = 1 1.5/1 1 .5/1 1 .5/1 1 .5/54. 



w Example 2 

[0071] In a reactor 
ing materials. 



equipped with a stirrer, an outlet for evacuation and a N 2 inlet, were charged the following start- 



is 



20 



(1) 4,4'-dihydroxydiphenyl 


22.32 g (0.12 mole) 


(2) methylhydroquinone 


7.44 g (0.06 mole) 


(3) terephthalic acid 


19.92 g (0.12 mole) 


(4) 2,6-naphthalenedlcarboxylic acid 


12.96 g (0.06 mole) 


(5) p-hydroxybenzoic acid 


57.96 g (0.42 mole) 



25 



30 



35 



ro0721 After replacing the atmosphere with nitrogen under reduced pressure, an N 2 seal was made, and then 87.52 
C 86 nJS 5 acetic anhydride was added. Under stirring, the reaction vessel £ * -£T 

ature of 1 46 °C to conduct the reaction for one hour, and then the temperature was raised to 320 C over 1 .5 
mo7 3 f Then the pressure was reduced from normal pressure to 10 mmHg (1.3 kPa) over 45 minutes, and further 
[educed to a3 mmHg (40 Pa) over 15 minute, Thereafter, the reaction was continued for 2 hours to complete the 

! "ymer was llded win a 0.1 oz (2. 8 9 g) injection molding machine at 320 »C and the molded P ,eces were measured 
by the Vibron to obtain the following results. 



40 



IE*I 



40 



= 15.0 x 10 10 dyne/cm 2 (15.0 GPa) 



IE*1 150 = 8.3 x 10 10 dyne/cm^ (8.3 GPa) 
IE*I 260 = 6.8 x 10 10 dyne/cm 2 (6.8 GPa) 



[0075] Tensile tests were carried out to obtain the following results: 



45 



50 



Tensile modulus 


81 ,200 kg/cm* 


Tensile strength 


1,670 kg/cm 2 


Elongation at break 


2.9 % 



rao761 The water absorption of the polymer was measured to obtain the extremely low result of 0.02 %. 

!oo77, It b^ ustng the same molded pieces, the soldering resistance (260 °C, 10 seconds) was measured but 

. ^^^^!7t» pofymer is shown in Fig.3. The compositional ratio of this polymer was 
(1)/(2)/(3)/(4)/(5) = 15.3/7.7/15.3/7.7/54. 
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Example 3 

[0079] In a 20* vertical reactor equipped with a stirrer, an outlet for evacuation and a N 2 inlet, 
lowing starting materials. 



were charged the fol- 



10 



15 



20 



(1) 4,4'-dihydroxydiphenyl 


81 9 g (4.5 mole) 


(2) trimethylhydroquinone 


669 g (4.5 mole) 


(3) terephthalic acid 


730 g (4.5 mole) 


(4) 2,6-naphthalenedicarboxylic acid 


950 g (4.5 mole) 


(5) p-hydroxybenzoic acid 


2,833 g (21 mole) ] 



25 



30 



fmpowur. was raised to 320 -C and poremeriiatlen was darned ddt tor 3 Bdurs. 

were measured by the Vibron to obtain the following results. 

lE*!^ = 17.9 x 10 10 dyne/cm 2 (17.9 GPa) 
|E*1 150 = 7.9 x 10 10 dyne/cm 2 (7.9 GPa) 
IE*| 260 = 1 .0 x 1 0 10 dyne/cm 2 (1 .0 GPa) 



35 
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45 



Tensile modulus 


97,600 kg/cm^ 


Tensile strength 


1 ,490 kg/cm 2 


Elongation at break 


1.9% 



[0084] Also, by using the same molded pieces, the so.denng resistance (240 1 10 seconds) was measured but 
^iST^&Tt. poiymer is shown in F.g.4. The composKiona, ratio of this pofymer was 
^'T^S^^O weight % of g,ass fibers, and after mixing and jj-djg; m . twin-screw 

was observed. 



50 
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Fvamples 4-25 

ties are shown in Table 1 . 
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Table 1 (CcntU) 
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Table 1 (Cont'd) 
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Table 1 (Cont'd) 
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Table 1 (Cont'd) 





Polymerization 


Melt 


Complex Elastic M 


odulus 


Soldering 
Resistance 


Tensile 
Strength 
(kg/cm*) 


Flow 1 
Initiating 


Liquid 
Cryslalli- 
nity 


Ex. - 

No. 


Temp. 

rp) 


Drawing 
Out 


Viscosity 
(poise) 


(GPa) 


E*li50 
(GPa) 


E *l260 
(GPa) 


Temp. 

to 


Resist* 
ance 


Temp. 
TO 


70 
& 


320 


good 


320 
U2) 


11.3 


4.8 


4.0 


260 


good 


1300 


300 


good 




320 


good 


180 
, 09) 


14.3 


5.5 


3.8 


260 


good 


1350 


306 


good 


u 


320 


good 


270 
fa) 


9.8 


4.4 


3.7 


260 


good 


1190 


316 


good 


21 
2* 


320 


good 


165 

(us) 


13.4 


5.3 


3.0 


260 


good 


1340 


285 


good 


9 


320 


good 


100 

{10) 


11.9 


5.0 


2.8 


260 


good 


1360 


281 


good 
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re parative Samples 1 to 5 

■ c 1 ^nt for chanainq the composition of each constitutional unit as 



Claims 



w 
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Table 4 
Composition (mol%) 



35 



40 



I Comp. 

no. I roio; 

1 -c 

u 

0 



0 0 



23.0 



16.7 



3 23.0 



11.5 



33.0 



11.5 



11.6 



16.7 



-O-R-O- 



11.5 



23.0 



-o-®-c- 



17 



-o-®-o- 

23.0 
CKCHa) a 



16 



54 



66.6 



54 



54 



33 



45 



50 
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Table 4 (Cont'd) 



Comp. 


Polymerization 


Melt 


Complex 


Elastic M 


odulus 


Soldering 
Resistance 


Tensile 
Strength 
(kg/cm*) 


Flow 
Initiating 


Liquid 
Crystalli- 
nity 


Ex. 
No. 


Temp. 


Drawing 
Out 


Viscosity 
(poise) 


PU 

(GPa) 


B*ll50 
(Uraj 


E *lz60 


Temp. 
CC) 


Resist- 
ance 


Temp. 
CC) 


1 


320 


bad 


impossible 








- 


— 





— 




2 


320 


bad 


impossible 








— 


— 




— 


— 


3 


320 


bad 


impossible 





— 


— 






- 


— 


- 


4 


320 


bad 


impossible 


















I 5 


320 


good 




13.0 


7.4 


<2.0 


240 


bad 









1. An aromatic polyester having a melt viscosity of 10 poise (1 Pas) or more at 320°C and a shear rate of 100s 1 
which polyester consists of: 



(a) 



2 to 40 mole % of 2,6-naphthalenedicarboxylic acid units of formula (1): 




C — 

D 

O 



(1) 



(1 
O 



(b) 



2 to 35 mole % of terephthalic acid units of formula (2): 
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(c) 3 to 40 mole % of 4,4'-dihydroxydiphenyl units of formula (3): 

2 to 40 mole % of at least one member selected from the aromatic dlol untts of formulae (4) to (8): 
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10 



CH 3 



(4) 



(5) 



15 



20 



CH. 



CH 3 ' CH 3 



(6) 



25 



(7) 



30 



35 




(8) 



40 



45 



(e) 



20 to 80 mole % of p-hydroxybenzoic acid units of formula (9): 



(9): 



and 



(f) less than 3 mol % of other ^mponents; are ented 

wherein, when the molar numbers of the above units (1), (2), 3),W, PIWWi > * 
by [1 ]. [2], [3], [4], [51. [6], 17], [8] and [9], respectively, each mole % is a value based on [1] + [2] + [3] + [4] + [5] 
+ [6] + [7] + [8] + [9]. 

* 2 . A polyester according to claim 1 , which contains, as the aromatic diol unit (d), 3 to 25 mol % of at least one of untts 
(4) and (5). 

3. A polyester according to claim 1 , which contains, as the aromatic diol unft (d), 2 to 20 mol % of unrt (8). 
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, A polyester according to claim 1 , which contains, as the aromatic d.ol unit (d), 2 to 1 5 mo. % of at least one of units 
(6) and (7). 

, A pofyester according to any one of the preceding claims, wherein the melt viscostty at 320«C and a shear rate of 
100s 1 is 100 poise (10 Pas) or more. 

, A polyester according to any one of the preceding claims, wherein the absolute values of the complex elastic mod- 
ulus thereof, when measured with a vibron at 1 1 0 Hz, satisfy the follow.ng relations. 

!E*! 150 /!E*i40 2l/3 

IE*! 150 > 4.0 x 10 10 dyne/cm 2 (4.0 GPa) 

!E*!4o > 8.0 x 10 10 dyne/cm 2 (8.0 GPa) 

wherein and !E'! 150 are the absolute values of the complex elastic modulus measured at 40°C and 150°C, 
respectively. 

7. Aprocessforproducingapolyesterasdefinedinanyoneoftheprecedingclaims,whichcomprisesreacting,inthe 
presence of an acid anhydride: 

(g) 2 to 40 mole % of 2,6-naphthalenedicarboxylic acid of formula (10): 

,COH 



(10) 




(h) 2 to 35 mole % of terephthalic acid of formula (11): 




(ID 



(i) 3 to 40 mole % of 4,4-dihydroxydiphenyl of formula (1 2): 

ho-<( Hi )r ::K <"> 



(j) 2 to 40 mole % of at least one member selected from the aromatic did compounds of formulae (13) to (1 7): 
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(13) 



10 



(14) 



f5 



CH 3 



(14) 



20 



25 



CH 3 

CH 3 CH 3 



(15) 



30 



HO OH 



(16) 



35 



40 




(17) 



45 



and 



M 



20 to 80 mole % of p-hydroxybenzoic acid of formula (1 8): 



50 



hoh(^^)~coh 



(18) 



55 



and (I) less than 3 mol 



% of other components; wherein, when the molar numbers of the above compounds (1 0), 
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(111 (12) (13) (14) (15), (16), (17) and (18) are represented by [10)^11^1 2]. (13] J1 4], [15H1 6] [17] and [18], 
e peSi each mole i s a value based on [10] ♦ [1 1] + [12] ♦ [13] ♦ [14] + [15] + [16] + [17] + [1 8] 
ZSSHmZbm the components at a temperature of 1 00 to 400-C while removing the ac.d anhydnde and the 
acids formed therefrom. 

8. A molding, film or fibre comprising a polyester as defined in any one of claims 1 to 6. 
Patentanspruche 

„ 1. Aromatischer Polyester, der bei 320 'C und einer Scherrate von 100 s' eine Schmelzviskosftat von 10 Poise (1 
Pa • s) Oder mehr besitzt, bestehend aus: 

(a) 2 bis 40 Mol% 2,6-Naphthalindicarbonsaure-Einheiten der Formel (1): 



15 



20 



35 



AO 



45 



50 




(1) 



25 (b) 



30 



2 bis 35 Moi% Terephthalsaure-Einheiten der Formel (2): 



(2) 



(c) 3 bis 40 Mol% 4,4'-Dihydroxydiphenyl-Einheiten der Formel (3): 




(3) 



(d) 2 bis 40 Mol% mindestens einer der aromatischen Dioleinheiten der Formeln (4) bis (8): 



55 
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CK 3 



(4) 



(5) 



CH. 



CH 3 ' CH 3 



(6) 



— 0 



(7) 




— 0 



(8) 



(e) 



20 bis 80 Mol% p-Hydroxybenzoes&ure-Einheiten der Formel (9): 



(9); 



und(f)wenigerals3Mol%andereBestandtene; (6) , (7 ), (8) und (9) durch [1], [2], [3], 

+ [6] + [7] + [8] + P] lst - 

jester gerraB Anspruch 1 , we.cher als aromatische Dioleinheit (d) 3 bis 25 Mo,% mindestens einer der Einhei- 
ten (4) und (5) enthalt. 
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Popster gemaB Anspruch 1 , welcher als aromatische Dioleinheit (d) 2 bis 20 Mol% der Einheit (8) enthalt. 

Popster gemaB Anspruch 1 , der als aromatische Dioleinheit (d) 2 bis 15 Mol% mindestens einer der Einherten (6) 
und (7) enthalt. 

Popster gemaB mindestens einem der vorangehenden Anspriiche, worin die Schmelzviskosrtat bei 320 °C und 
einer Scherrate von 1 00 s" 1 1 00 Poise (1 0 Pa • s) oder mehr ist. 

Polyester gemaB mindestens einem der vorangehenden Anspruche, worin die Absolutwerte des komplexen Elasti- 
zitatsmoduls, gemessen mit einem Vibrometer bei 1 1 0 Hz, die folgenden Gleichungen erfullen: 

!E*! 150 /iE*:4o^ 1/3 
!E*! 150 > 4,0 x 10 10 dyn/cm 2 (4,0 GPa) 
lE'l^ > 8,0 x 10 10 dyn/cm 2 (8,0 GPa) 

worin !E*! 40 und !E*i 150 die Absolutwerte des bei 40 °C bzw. 150 °C gemessenen komplexen Elastizitatsmoduls 
sind. 

Verfahren zur Herstellung eines Polyesters gemaB mindestens einem der vorangehenden Anspriiche, das 

umfasst: ^„ 

Umsetzen der folgenden Verbindungen in derGegenwart eines Saureanhydnds. 

(g) 2 bis 40 Mol% 2,6-Naphthalindicarbonsaure der Formel (10): 



DIG 



(10) 



(h) 2 bis 35 Mol% Terephthalsaure der Formel (11): 



(ID 



(i) 3 bis 40 Mol% 4,4-Dihydroxydiphenyl der Formel (12): 




(12) 



0) 



2 bis 40 Mol% mindestens einer der aromatischen Diolverbindungen der Formeln (13) bis (17): 
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(13) 



5 



10 



15 



20 



25 



30 



35 



40 




(14) 



(15) 



(15) 



(17) 



(k) 20 bis 80 Mol% p-Hydroxybenzoes&ure der Forme! (18): 



50 




(18) 



55 

und (I) weniger ais 3 Mol% andere Bestandteile; 
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worin wenn die Stotfmengen der obigen Verbindungen (10), (1 1), (12), (13), (14) (15), (16M17] I und (18) 
22 [To] [11] [12], [13] 9 I14], US], [16], [17] bzw. [18] dargeste.lt werden, jedes Mo,% e,n Wert ,st. der auf 

reanhydrid und die daraus gebildeten Sauren entfernt werden. 
8. Formteil, Film oder Faser. umfassend einen Polyester gemaB mindestens einem der Anspruche 1 bis 6. 
Revendlcatlons 

1 . Polyester aromatique ayant une viscosite a I'etat fondu de 10 poises (1 Pas) ou p,us a 320°C et a une vitesse de 
cisaillement de 100 s* 1 , polyester qui consiste en : 

(a) 2 a 40% en moles d'unites d'aclde 2,6-naphtalenedicarboxylique de formule (1): 



20 



25 



30 




c— 

D 

C 



(I) 



n 
c 



(b) 2 a 35% en moles d'unites d'aclde terephtalique de formule (2): 



(2) 



35 



(C) 



3 a 40% en moles d'unites 4,4 , -dihydroxydiphenyle de formule (3): 



40 



(3) 



45 



(d) 2 a 40% en moles d'au 



fau moins un element choisi parmi les unites diol aromatique de formules (4) a (8): 



50 



55 
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(e) 20 a 80% en moles d'unites d'acide p-hydroxybenzoTque de formule (9): 

-^©T" (9,: 



et 



ff) moins de 3% en moles d'autres composants; dans lequel, quand les quantites molaires des unites cl-des- 
s s (1 (2) (3) (4), (5), (6), (7), (8) et (9) sent representees par [1 ], [2], [3], [4]. [5]. [6], [7] [8 e [9]. cheque % 
une valeur basee sur [1] + [2] + [3] + [4] + [5] + [6] + [7] + [8] * [9]. 

Polyester se.on la revendication 1 , qui contient, comme unite diol aromatique (d), 3 a 25% en moles d'au moins une 
des unit6s (4) et (5). 

Polyester selon la revendication 1 , qui contient, comme unite diol aromatique (d), 2 a 20% en moles du motif (8). 
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. Popster selon la revendicstion 1 . qui contient, comme unite die. aromatique (d), 2 a 1 5% en moles d'au moins un 
des motifs (6) et (7). 

Popster selon Tune quelconque des revocations precedentes. dans lequel la viscosite, a I'etat fondu a 320<C 
et a une Vitesse de cisaillement de 100 ar\ est 100 poises (10 Pas) ou plus. 

lE'l^o/lE'USl/S 

IE*I 150 2 4,0 x 10 10 dyne/cm 2 (4,0 GPa) 

IE*l4o S 8,0 x 10 10 dyne/cm 2 (8,0 GPa) 

dans .equal IE1» * '^so sont les valeurs abso.ues du module e.astique comp.exe mesure respectivement a 
40°C et150°C. 

7. Precede pour produire un polyester tel que defini selon rune quelconque des revocations precedentes. qui con- 
siste &faire r6agir, en presence d'un anhydride: 

(g) 2 a 40% en moles d'acide 2,6-naphtalenedicartooxylique de formule (10): 



(10) 



(h) 



2 a 35% en moles d'acide terephtalique de formule (11): 



(11) 



(i) 3 a 40% en moles de 4,4-dihydroxydiphenyle de formule (12): 

Ho-<r )MC Jh 0H < i2 > 



(!) 2 fc 40% en moles d'au moins un element choisi parmi les composes diols aromatiques de formules (13) a 
(17): 
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(13) 



10 



h °-<0>- oh 



(14) 









15 




(14) 


20 








>-< 


(15) 


25 


CH 3 / CK 3 






HO OH 




30 




(IS) 


35 












40 


Ch/ CH 3 


(17) 






45 


(k) 20 & 80% en moles cf acide p-hydroxybenzotque de formule (18): 




50 


H0H ©^»° H 


(18) 



55 



et 



(,) moins de 3% en moles d'autnas composants, dans lequel, quand les quantites molaires des composes ci- 



33 



EP 0 356 226 B1 



dessus (10), (11), (12), (13), (14), (15), (16), (17) at (18) sent 

[1 6], [1 7] et [1 8], chaque % en moles est respectiveme nt une valeur basee sur [1 0] + [1 1 ] + [1 2] + Li ^ + V «] 



[15] + [16] + [17] + [18], 
et en faisant reagir de p 
les acides formes a par 

Moulage, film ou fibre comprenant un popster tel que defini selon I'une quelconque des revendications 1 a 6 



KslViagtrTplus les composants I une temperature de too a 400«C tout en retirant .'anhydride et 
les acides formes a partir de ceux-ci. 
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33NV8H0S9V 



35 



EP 0 356 226 B1 

Fig. 2 

LEI i 
dyne/ crr ? 




Temperature (°C) 
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